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© Blood pulse wave detecting apparatus and motion intensity measuring apparatus. 



© An apparatus, for detecting pulse waves and mo- 
tion intensity of a living body in motion is disclosed. 
The apparatus has photosensors (1 , 2) of the photo- 
coupler type, for typically wavelengths of 660 nm 
and 940 nm, respectively. The sensors (1. 2) are 
attached to a persc-n under examination, and provide 
output signals Sa and Sb which include a blood 
pulse signal as well as body, motion components 
superimposed on the blood pulse signal. These sig- 
nals Sa and Sb are subjected to Fourier transforma- 
tion in a fast Fourier transformation circuit (3). and 
then applied to a comparator (4) which in turn com- 
pares amplitudes of major frequency components 
(components associated with pulse waves and body 
motion) to one another. According to the comparison 
result, a decision circuit (5) discriminates the pulse 
wave from the body motion. A display unit (6) dis- 
plays the pulse rate corresponding to the fundamen- 
tal frequency of the detected pulse wave. The dis- 
play unit (6) also displays the change in motion 
intensity detected by the decision circuit (5). Thus, 
the present invention allows the detection of the 
change in motion intensity during the exercise of a 



person under the examination. 
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The present invention relates to a blood pulse 
wave detecting apparatus and motion intensity 
measuring apparatus. In particular, but not exclu- 
sively, the present invention performs accurate and 
reliable detection of the blood pulse rate, blood, 
pulse waves, or motion intensity of a living body 
which is even in motion. 

There are various types of known apparatus for 
detecting the blood pulse rate or blood pulse 
waves of a living body. However, most of these 
apparati can provide accurate detection only when 
a living body is at rest. This is because if the living 
body moves, a mixture of blood pulse wave and 
body movement is detected and it is impossible to 
extract the blood pulse wave. \ . 

The detection of the blood pulse rate or blood 
pulse waves of a living body is very important for 
control of excersizing or for health care. Therefore, 
there is a great need to achieve accurate blood 
pulse detection of a living body. in motion. 

One of the conventional blood pulse rate detec- 
tors is disclosed in Japanese Patent Publication 
No. 63-34731. When a pulse, showing a deviation 
from an average value, by an amount greater than 
an allowable limit is detected, the detection is can- 
celled so that only normal pulses can be detected. 
With this apparatus, extraordinary pulses arising, 
when a living body moves slightly for a short time, 
can be effectively cancelled, and thus only normal - 
pulses can be detected. 

In the conventional apparatus, however, if the 
living body makes continuous motions, the pulse 
will change very often and thus the detection will 
be cancelled so often that accurate detection of 
pulses will become impossible. 

If the motion intensity of a living body in mo- 
tion, in particular of a human body, can be mea- 
sured, it will be possible to advantageously control 
the amount of motion. However, conventional tech- 
niques cannot measure the intensity of motion. 

In view of the above, it is an object of the 
present invention to provide a blood pulse wave 
detecting apparatus which can distinguish blood 
pulses from body motion. 

It is another object of the present invention to 
provide a motion intensity detecting apparatus for 
detecting the motion intensity of a living body. 

According to a first aspect of the present in- 
vention to achieve the above objects, there is pro- 
vided a blood pulse wave detecting apparatus com- 
prising: light detecting means for detecting the 
amount of light transmitted through or reflected 
from a living organism illuminated with light having 
different wavelengths; and discrimination means for 
making comparison of amplitudes of frequency 
components associated with each wavelength 
wherein the frequency components are included in 
a detected signal provided by the light detecting 



means, thereby discriminating a blood pulse wave 
of the living organism from its body motion wave 
according to the relationships between the ratios of 
the amplitudes of frequency components. 

s According to a second aspect of the present 

invention, there is provided a motion intensity mea- 
suring apparatus comprising: light detecting means 
for detecting the amount of light transmitted 
through or reflected from a living organism illumi- 

io nated. with light having different wavelengths; dis- 
crimination means for making comparison of am- 
plitudes of frequency components associated with 
each wavetength wherein the frequency compo- 
nents are included in a detected signal provided by 

15 the light detecting means, thereby discriminating a 
blood pulse wave of the living organism from its 
body motion wave according to the relationships 
between the ratios of the amplitudes of frequency 
components; and measuring means for making 

20 comparison of amplitudes of body motion asso- 
ciated with the different wavelengths wherein the 
amplitudes have been "discriminated by the dis- 
crimination means, thereby measuring the- motion 
intensity of the living organism according to the 

25 change in the ratio of the amplitudes of body 
motion. 

According - to a. third aspect of the present 
invention, there is provided a motion .intensity, mea- 
suring apparatus comprising: light detecting means 
30 for detecting the amount of light transmitted 
through or reflected from a living organism illumi- 
nated with light having different wavelengths; dis- 
crimination means for making comparison of am- 
plitudes of frequency components associated with 
35 each wavelength wherein the frequency compo- 
nents are included in a detected signal provided by 
the light detecting means,, thereby discriminating a 
blood pulse wave of the living organism from its 
body motion wave according to the relationships 
40 between the ratios of the amplitudes of frequency 
components; and measuring means for making 
comparison of the amplitude of the body motion to 
the amplitude of the blood pulse wave wherein the 
amplitudes of the body motion and blood pulse 
45 wave have been discriminated by the discrimina- 
tion means, thereby measuring the motion intensity 
of the living organism according to the change in 
the ratio between the amplitudes. 

According to a fourth aspect of the present 
so invention, there is provided a motion intensity mea- 
suring apparatus based on the second or third 
aspect, wherein light having such a wavelength at 
which the absorbance of oxygen haemoglobin is 
equal to that of reduced haemoglobin is used as 
55 one of the light having different wavelengths, and 
wherein the measuring means employs the am- 
plitude of a blood pulse wave included in a de- 
tected signal associated with this light as a refer- 
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ence value, and compares the amplitude of a blood 
pulse wave included in a detected signal asso- 
ciated with another light to the reference value, 
thereby measuring the motion intensity of a living 
organism. 

According to a fifth aspect of the present in- 
vention, there is provided a motion intensity mea- 
suring apparatus based on the second.. third, or 
fourth aspect, ' wherein at least one of means in- 
cluding v the light detecting means, the discrimina- 
tion means and the measuring means is adapted to 
be supplied with electric power .only when mea- 
surement is carried out. 

According to a sixth aspect of the present 
invention, there is provided a motion intensity mea- 
suring apparatus' based on the second, third, or 
fourth aspect, wherein at least one of means in- 
cluding the light detecting, means', the discrimina- 
tion means and the measuring means is adapted to 
be supplied with electric power , only when mea- 
surement is carried* out at measurement timing 
which has been set in an intermittent fashion. 

According to a seventh aspect of the present 
invention, there is provided. a motion intensity mea- 
suring apparatus based on the fifth or sixth aspect, 
wherein -the electric power is supplied in a pulse 
current form. 

According to an eighth aspect of . the present, 
invention, there is provided a blood pulse wave 
detecting apparatus comprising: light detecting 
means for detecting the amount of light transmitted 
through or reflected from a living organism illumi- 
nated with light having different wavelengths; fre- 
quency analyzing means for performing frequency,. . 
analysis on a detected signal provided by the light 
detecting means, for each of light having the dif- 
ferent wavelengths; and blood pulse! frequency 
identifying means for identifying the blood pulse 
frequency of the living organism by determining 
which one of predefined modes the analysis result 
provided by the frequency analyzing means be- 
longs to. 

According to a ninth aspect of the present 
invention, there is provided a blood pulse wave 
detecting apparatus comprising: light detecting 
means for detecting the amount of light transmitted 
through or reflected from a living organism illumi- 
nated with light having different wavelengths; 
Fourier transformation means for performing 
Fourier transformation on a detected signal pro- 
vided by the light detecting means for each of the 
light having different wavelengths; and blood pulse 
frequency identifying means for identifying the 
blood pulse frequency of the living organism by 
comparing spectra provided by the Fourier trans- 
formation means for the respective different 
wavelengths thereby determining which one of 
predefined modes the comparison result belongs 



to. 

According to a tenth aspect of the present 
invention, there is provided a blood pulse wave 
detecting apparatus . comprising: light detecting 
means for detecting the amount, of light transmitted 
through or reflected from a jiving organism illumi- 
nated with; light having different wavelengths; 
Fourier transformation means for . performing 
Fourier transformation on a detected signal, pro- 
io vided by the light detecting means lor each of the 
light having different wavelengths; blood pulse fre- 
quency identifying means for identifying the blood 
pulse frequency of the living organism by compar- 
ing spectra provided by the Fourier transformation 
is means for the respective different wavelengths 
thereby determining which 'one of predefined 
modes the comparison result beiongs to; and filter- 
ing means for passing only the frequency compo- 
nent identified by the blood* pulse frequency iden- 
20 tifying means and its harmonics included in the 
detected signal provided by . the light, detecting 
means. 

According to an eleventh aspect of the^present 
invention, there is provided a blood pulse wave 
25 detecting apparatus based on any one of the eighth 
through tenth aspects.' further including: storage 
means for storing the identification result provided 
by the blood pulse frequency identifying, means; 
and display means for' displaying the content 
30 stored in the storage means. 

According to a twelfth aspect of the present 
invention, there , is provided a^biood pulse wave 
detecting apparatus based .on the tenth aspect, 
further including: waveform storing means for stor- 
.35 ing an output waveform provided, by the, filtering 
means; and display , means for displaying the con- . 
tent stored in the waveform storing means; 

According to a thirteenth aspect of the present 
invention, there is provided a motion intensity mea- 
40 suring apparatus based on any one of the second 
through seventh aspects, further including: motion 
intensity storing means for storing a measurement 
result provided by the measuring means; and dis- 
play means for displaying the measurement result 
<s stored in the motion intensity storing means. 

According to a fourteenth aspect of the present 
invention, there is provided a motion intensity mea- 
suring apparatus based on any one of the second 
through . fourth aspects, wherein the light detecting 
so means includes, a plurality of light emitting means 
for emitting light rays having different wavelengths, 
and further includes a plurality of light receiving 
means for receiving reflected light associated with 
the light rays emitted by the respective plurality of 
55 light emitting means, the plurality of light emitting 
means and the plurality of light receiving means 
being arranged in the lateral direction of a finger. 



5 



EP 0 645 117 A1 



6 



According to a fifteenth aspect of the present 
invention, there is provided a blood pulse wave 
detecting apparatus based on the first, eighth, 
ninth, or tenth aspect, wherein the tight detecting 
means includes a plurality of light emitting means 
for emitting light rays having different wavelengths; 
and further includes a plurality of . light receiving 
means for receiving reflected light associated with 
the light rays emitted by the respective plurality of 
light emitting means, the plurality of light emitting 
means and the : plurality of light receiving means 
being arranged in the lateral direction of a finger. 

According to a sixteenth aspect of the present 
invention; there is provided a blood pulse wave 
detecting apparatus based on the first, eighth, ninth 
or tenth aspect, wherein at least one of means 
including the light detecting means and the dis- 
crimination means is adapted to be supplied with 
electric power only when measurement is carried 
out. 

According to a seventh aspect of the present 
invention, there is provided a blood pulse wave 
detecting apparatus based on the first, eighth, 
ninth, or tenth aspect, wherein at least one of 
means including the light detecting means and the 
discrimination means is adapted to -be supplied 
with electric power only when measurement is car- 
ried out at measurement timing which has been set 
in an intermittent fashion. 

According to an eighteenth aspect of the 
present invention, there is provided a blood pulse 
wave detecting apparatus based on the sixteenth or 
seventeenth aspect, wherein the electric power is 
supplied in a pulse current form. 

According to a nineteenth aspect of. the present 
invention, there is provided a blood" pulse : wave 
detecting apparatus based on the first, eighth, 
ninth, or tenth aspect, wherein the light detecting 
means includes a plurality of light emitting means 
for emitting light rays having different wavelengths, 
and further includes a plurality of light receiving 
means for receiving reflected light- associated with 
the light rays emitted by the respective plurality of 
light emitting means, the plurality of light emitting 
means and the plurality of light receiving means 
being arranged in the lateral direction of a finger. 

The apparatus according to the present inven- 
tion operates as follows: When a living organism is 
illuminated with light having different wavelengths, 
the amount of light transmitted through or reflected 
from the living organism depends on. absorbance of 
oxygen haemoglobin included in arterial blood and 
also depends on reduced haemoglobin included in 
venous blood. Furthermore, the absorbances of 
both oxygen haemoglobin and reduced 
haemoglobin depend on the wavelength of light in 
different conditions. When a living body is in mo- 
tion, the body motion is superimposed on both 



arterial blood and venous blood. Therefore, the 
amount of light detected by the light detecting 
means is influenced by the absorbance. which is 
dependent on the wavelength, as well as the body 
5 motion. Thus, if the amplitudes of frequency com- 
ponents included in a signal detected by the light 
detecting means are compared to one another for 
each wavelength, the blood pulse wave can be 
discriminated from the body motion wave accord- 
10 ing to the relationships between the ratios of am- 
plitudes (the first aspect). 

The absorbance of reduced haemoglobin var- 
ies depending on its oxygen content, that is. on the 
motion intensity. Therefore, if the body motion 
;s wave is discriminated from the blood pulse wave, 
and furthermore the amplitudes of body motion 
waves are compared between different 
wavelengths, then the motion intensity of a living 
body can be measured according to the change in 
20 the ratio of the amplitudes (the second aspect). 
The motion intensity can also be measured accord- 
ing to the change in the ratio of the amplitude of 
the body motion wave to the amplitude of the 
blood pulse wave (the third aspect). 
25 If light having a wavelength at which the absor- 

bance of oxygen haemoglobin is 1 equal to that of 
reduced haemoglobin .is employed as one of mea- 
suring light rays, then the amount of received light 
associated with this light can be used as a refer- 
30 ence value (the fourth aspect). 

The blood pulse wave can also be identified by 
performing frequency analysis on a signal detected 
by the light detecting means and determining 
which one of predefined modes the analysis result 
35 . belongs to (the fifth aspect). 

The blood pulse frequency can be determined 
by performing Fourier transformation, which is one 
of ways to perform frequency analysis, and com- 
paring the resultant spectra (the sixth aspect). 
40 The blood pulse wave can be detected by 

using filter means which passes only a specific 
frequency component and its harmonics (the sev- 
enth aspect). 

Embodiments of the present invention will now 
45 be described with reference to the accompanying 
drawings, of which: 

Figure 1 is a block diagram illustrating the con- 
figuration of an embodiment of the present in- 
vention; 

so Figure 2 is a schematic diagram illustrating sen- 
sors for use in the embodiment, wherein the 
sensors are attached to a finger; 
Figure 3 is a schematic representation of the 
"Lambert's" law; 

ss Figure 4 is a schematic representation of an 
absorbance distribution of a human blood vessel 
illuminated with light; 
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Figure 5 is a graph illustrating the change in 
blood pulses as a function of distance from a 
heart from the left ventricle to the large vein; 
Figure 6 is a graph illustrating absorbance char- 
acteristics of oxygen haemoglobin and reduced 
haemoglobin; 

Figure 7 is a schematic diagram illustrating am- 
plitudes of detected signal components corre- 
sponding to blood pulses and body motion, re : 
spectively. for both cases where the detection is 
carried out with light having wavelengths 660 
nm and 940 nm; 

Figure 8 is a schematic diagram illustrating the 
relationships of absorbance between arterial' 
blood and venous blood for both cases where 
the detection is carried out with light having 
wavelengths 660 nm and 940 nm; 
Figure 9 is a schematic diagram illustrating the' 
method of determining the correspondence be- 
tween two frequency components detected with 
two light rays having wavelengths of 660 nm, 
940 nm and their origins to determine blood 
pulses and body motion;' 

Figure 10 is a graph illustrating frequency spec- 
tra signals detected with light having' 25 
wavelengths of 660 nm and 940 nm; and 
Figure 1 1 is a schematic diagram illustrating an. , 
example of ah actual measurement result re- 
garding the change in the ratio of the amplitude 
associated with frequency 0 S to the amplitude 30 
associated with frequency 0 M wherein the mea- 
surement was carried out using light with a'-' 
wavelength of 660 nm. 

Detection Principle of the Invention 35 

In the present invention, a pulse, wave ahd = 
motion intensity is detected according to the follow- 
ing principle: 

40 

(a) The Principle of Detecting Pulses via Light 

First, trie principle, of detection of blood pulses 
via light will be described. When a thin film is 
illuminated with light, the ratio of the intensity of 45 
transmitted light to that of incident light will de- 
creases depending on the density of matter and on 
the optical length. This fact is known well as the 
"Lambert's" law. 

According to this law, the density of matter can . so 
be determined as follows: As shown in Figure 3(a), 
if the density of matter M is represented by C, a 
small optical length by 0L. the amount of incident 
light by l in , the absorption factor of the matter M by 
k, then the following equation holds. 55 

Who = 1 - kCAL (1) 



If the optical path is increased by a factor of 5 as 
shown in Figure (b), equation 1 becomes: 



l ou , = l fn x exp(-kCL) (4) 

As can be seen from the" above equation, if the 
amount of incident light l fn . ; 'the absorption factor k, 
and the optical length L are all maintained constant, 
then it is possible to measure the change in den- 
sity of matter M by ^detecting the 'amount of trans- 
mitted light lou,. * ; ', 

Instead of detecting the amount of transmitted' 
light, it is also possible to measure the change in 
density by detecting the amount of the light re- 
flected from the matter M according to the same 
principle. \ '. ',' 

When a human blood vessel is illuminated with 
external light, the distribution of the absorption fac- 
tor will be such as that shown . in Figure 4. In the 
figure, I2 represents the absorption caused by tis- 
sue, b represents the absorption' caused by venous 
blood, and U represents the absorption caused by 
arterial blood. 

Because the density of tissue does not change, 
the absorption b caused by tissue is constant. The 
absorption b by venous blood is also constant. 
This is because there is no . pulsation in venous 
blood and therefore there is no change in its den- 
sity. This can be seen apparently from Figure 5. 
which shows the decay of pulsation of blood sent 
from a heart compared to the distance from the 
heart. When blood reaches a vein, pulsation no 
longer occurs. 

On the other hand,' the absorption U by arterial 
blood shows a change corresponding to the 
change in density induced by pulses. This means 
that pulses can be detected by illuminating a blood 
vessel with light and detecting the change in the 
amount of reflected or transmitted light. The above- 
described detection principle is also disclosed in 
Japanese Patent Laid-Open No. 2-44534. 



looAn = (1 - kCAL) 5 (2) 

5 

In Figure 3(a), for example, when the amount of 
incident light l in is 10 and the amount of transmitted 
light is 9. then in the case of Figure 3(b)! when the 
amount of incident light i ln is 10. the amount of 
10 transmitted light will be 10 x 0.9 s , or l out /l In = 0.9 s . 
>•©• *out = 5.9. 

The relationship between the amount of in- 
cident light and the amount of transmitted light for 
an arbitrary distance L can be obtained by integrat- 
75 ing equation 1. thus: 

log(l ou ./U = (-kCL); (3) 

Equation 3 can be rewritten as: 
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If a human body is in motion, the body move- 
ment influences the flow of blood through the ves- 
sels including veins. As a result, the flow of venous 
blood becomes dynamic. This produces a change 
in light absorption of venous blood. Similarly, when 
arms or legs are in a swinging motion, vibrations of 
tissue also produce a change in its light absorption. 
Therefore, when a human body is in motion, simple 
detection of the amount of light reflected from or 
transmitted through a vessel cannot detect pulses. 

(b) The Principle of Detecting Pulse Waves of a 
Living Body in Motion 

The principle of detecting the pulse rate of a 
living body in motion will be described below. 

Curves C1 and C2 in Figure 6 represent the 
absorption spectrum of haemoglobin. Haemoglobin 
combined with a sufficient amount of oxygen will 
be referred to as oxygen haemoglobin hereafter 
and which is provided by a heart. Reduced 
haemoglobin is that returning to the heart through a 
vein: the oxygen of which has been consumed by a , 
body. As shown in Figure 6. the 'absorbance de- 
pends oh : the wavelength of light. The oxygen 
haemoglobin "shows strong absorption of light in an 
infrared range (with a peak at 940 nm). and the 
reduced haemoglobin shows strong absorption of. 
light in a red range (with a peak at 660 nm). Both 
types of haemoglobin have similar absorbance for 

light near 805 nm. 

The difference in absorption characteristics be- 
tween the two types of haemoglobin results from 
the difference in the amount of oxygen. The ab- 
sorption spectrum changes from curve C1 to C2 
with the consumption of oxygen. 

When a human body is in motion, it consumes 
a greater amount of oxygen than when it is at rest. 
Therefore, the absorption characteristic of reduced 
haemoglobin varies depending on the amount of 
consumed oxygen. In contrast, it is known that the 
oxygen content combined with haemoglobin in ar- 
terial btood (or oxygen saturation ratio of arterial 
blood) is maintained constant regardless of the 
motion intensity. Therefore, if absorption is mea- 
sured for different wavelengths, the motion inten- 
sity of a living body can be determined by compar- 
ing the results obtained at different wavelengths. In 
this technique, if the. measurement is carried out 
for example at 940 nm and 660 nm. it is possible 
to achieve emphasized detection of motion inten- 
sity. 

When a living body is in motion, because the 
body movement influences the flow of blood, the 
light transmitted through or reflected from a vessel 
includes pulses produced by the body movement 
superimposed on normal pulses. These body 
movement components should be distinguished. 



Otherwise, it would be impossible to detect either 
normal pulses or motion intensity. This point will be 
further discussed below. 

The detection of pulse waves of a. living body 
5 at rest by means of light can be represented by the 
following equation: 

The amount of received light = 
The amount of emitted light 
to - The amount of light absorbed by tissue 

- K aMery - (Artery DC component + Pulse 
amplitude -F(e M )) 

- K vein - Vein level (5) 

ts where K artery is the absorbance of arterial blood, 
Kvein is the absorbance of venous blood. Artery DC 
• component is the DC component (constant compo- 
nent) of arterial blood. Vein level is the flow rate of 
venous blood (which has no pulse component as 

20 described above). Furthermore, F(0m) is the AC 
component of arterial blood, or a periodic function 
representing' an amplitude (pulse amplitude) of the 
amount of haemoglobin which varies in an AC 
fashion at frequency e M . ." 

25 When the living body is in motion, pulse com- 

ponents induced by the body movement are super- 
imposed. on both artery and vein blood flow. The 
amount of light which is received when the living 
body is in motion can be represented by adding 

30 these components to equation 5. For example, 
when an arm is in swing motion, the following 
equation holds: 

The amount of received light = 
35 The amount of emitted light* 

- The amount of light absorbed by tissue 

KaMery* (Artery DC component + Pulse 
amplitude- F(0 M ) + Arm amplitude- F'(0 S )) 

- K vein - (Vein level + Arm amplitude- F'(0 S ) (6) 

40 

In this equation, arm amplitude- F(0 S ) is a peri- 
odic function having an amplitude (arm amplitude) 
of an AC component corresponding to the variation 
in the amount of haemoglobin induced by strokes 
45 of an arm and having a frequency of e s . 

The amount of received light represented by 
equation 6 can be further modified, as shown in the 
following equations, for the case where the detec- 
tion is done at two different wavelengths (660 nm 
so and 940 nm in this example). 

The amount of received light (660) = 
The amount of emitted light (660) 

- The amount of light absorbed by tissue (660) 

55 - K aMery660 - (Artery DC component + Pulse am- 
plitude- F(0 M ) + Arm amplitude- F'(9 S )) 

- K vein660 -(Vein level + Arm amplitude- F'(9 S ) 
(7) 
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The amount of received light (940) = 
The amount of emitted light (940) 

- The amount of light' absorbed by tissue (940) 

- K ar , ery940 . (Artery DC component + Pulse am- 
plitude- F(fl M ) + Arm amplitude *P(0 S )) 

- Kvem94o" (Vein level + Arm amplitude* F'{8 S ) 
(8) 

In the /above equations 7 and 8, subscripts 660 
and 940 represent wavelengths at which the detec- 
tion is done, and the terms or coefficients having 
the subscripts represent the values at the cor- 
responding wavelengths. 

The amount of light given by equation 7 or 8, 
which will be referred to as a "received signal" 
hereafter, is a periodic function represented in the 
time domain. If each received signal is subjected to 
Fourier transformation, amplitudes of frequency 
components included in each received signal can 
be detected. In Figure 7(a), for example, the am- 
plitude corresponding to K aMery6 6 0 . Pulse amplitude, 
or the amplitude of the frequency component asso- 
ciated with pulses of arterial blood, is detected at 
frequency -0 M for the wavelength of 660 nm, and 
the amplitude corresponding to <K artiry660 + 
K ve in66o)Arm amplitude or the amplitude of the fre- 
quency component associated with strokes, of an 
arm superimposed on both vein and artery is de- 
tected at frequency 0 S . As shown in Figure 7(b), 
similar amplitudes are also detected at the same 
frequencies in the case of the wavelength of 940 
nm. 

If the absorbance characteristics, shown in Fig- 
ure 6 are taken into accounts, the relationships in 
absorbance between arterial blood and venous 
blood for respective wavelengths; are such as those 
shown in Figure 8. or represented by the following 
inequalities: 

K artery660 < K vein660 , K arIery940 > K vein940 (9) 

For example, as shown in Figure 9, when am- 
plitudes of components at frequencies U and f 2 are 
a and b. respectively, for the wavelength of 660 
nm, and c and d. respectively, for the wavelength 
of 940 nm, if (a/b) < (c/d) or (c/a) > (oTb), then it is 
concluded that U is the frequency corresponding to 
arterial blood pulses, and f 2 is the frequency cor- 
responding to arm swinging. 

Once the frequency which corresponds to arte- 
rial blood pulses has been detected, the pulse rate 
can be determined by converting the frequency to 
a number of pulses per minute. In this way, the 
pulse rate of a living body in motion can be de- 
tected. 

Figure 10 illustrates one example of experi- 
mental results, wherein Figures 10(a) and 10(b) 



frequency spectra of signals detected for 
wavelengths of 660 nm and 940 nm, respectively. 
In this experiment, a man under examination swung 
his arms at a constant rate in synchronism with a 
metronome as in running, and the pulses were 
measured by an electrocardiograph for verification. 
In Figures 10(a) and 10(b), S1 denotes a fun- 
damental frequency of arm strokes (body motion). 
S2 denotes the second-order harmonjc of the arm 



to strokes, and M1 denotes the fundamental frequen- 
cy of blood pulses (that is. the pulse rate). 

If the ratio of M1 to S1 is compared between 
the ratio shown in Figure 10(a) and the ratio shown 
in Figure 10(b). it is concluded from the above 

75 relationships that M1 represents pulses. The pulse 
ratio obtained in this way shows good agreement 
with that obtained by the . electrocardiograph. 
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(c) The Principle of Detecting Motion Intensity 



If the arterial blood, pulse frequency and the 
body motion frequency are discriminated, the mo- 
tion intensity of a living body can be detected by 
comparing amplitudes of these frequency compo- 
25 nents. In Figures 9(a) and 9(b). the amplitude of the 
frequency component 0 S representing the. body 
motion (strokes) depends on the light absorbance 
of arterial , and venous blood. The absorbance of 
arterial blood is constant regardless of the change 
30 in motion intensity, while the absorbance of venous 
blood varies depending on the motion intensity (the 
amount of oxygen consumption). As a result, the 
motion intensity can be determined as follows: 
(1) The amplitude at frequency 0 S associated 
35 with, the wavelength of 660 nm or 940 nm is. 
sampled in a proper manner. The. change in 
motion intensity; 'of.' a living body in* motion can 
be detected from the change in the sampled 
value which reflects the motion intensity. 
w> (2) If the comparison of the ratio of the am- 
plitude at frequency 0 S to the amplitude at fre- 
quency 0 M is made between wavelengths of 660 
nm and 940 nm, the ratio reflects the motion 
intensity because the amplitude at frequency 0 M 
s is independent of the motion intensity. From the 
change in this ratio, therefore, it is possible to 
detect the change in motion intensity of a living 
body. If the relationship between the above ratio 
and the motion intensity has been examined and 
o stored in memory, the motion intensity can be 
determined by referring to the information stored 
in the memory. 

Figure 11 illustrates actually-measured data 
with respect to the ratio of the amplitude at . 
5 frequency 0 S to the amplitude at frequency 0 M - 
(corresponding to the ratio a/b in Figure 9) for 
the wavelength of 660 nm. In this measurement, 
a man under examination was forced to do 
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continuous motion, and the amplitudes at var- 
ious frequencies were measured. The ratios of 
amplitudes are plotted as a function of the pulse 
rate. As represented by the alternate long and 
short dash line in Figure 11. the plotted points s 
show a tendency to increase with the pulse rate. 
An increase in pulse rate can be regarded as an 
increase in motion intensity. An increase in mo- 
tion intensity results in an increase in oxygen ' 
consumption of blood, and thus results in an w 
increase in light absorbance. As a result, the 
amplitude at frequency 0 S (which corresponds to 
"b" in Figure 9) decreases with increasing mo- . 
tioh intensity, and thus the ratio a/b increases. 
Therefore, the motion intensity can be detected is 
from the change in ratio a/b. 
(3) Light having a wavelength of about 805 nm 
is used to give a reference value of an amount 
received light. At this wavelength, both oxygen 
haemoglobin and' reduced haemoglobin have 20 
constant absorbance. as shown in Figure 6. 
Therefore, the received signal' associated with 
light having such a wavelength can be used to 
give a reference value which is compared to the 
amplitude of a component'having a frequency of 25 
0 S included in a received signal associated with 
light having another wavelength. From the 
change , of this ratio, the 'motion intensity can be 
detected. 

(d) The Principle of Detecting the Pulse Waveform 
of a Living Body in Motion 

If the frequency reflecting artery blood pulses 
can be distinguished in the above-described, man- 35 
ner. it is possible to detect a pulse waveform by 
using a filter which can pass this frequency and its 
harmonics. 

A pulse wave consists of a fundamental wave 
and various orders of harmonics. If these compo- 40 
nents are extracted using a fitter which can pass 
these components but which cannot pass the other 
frequency components, the pulse, wave associated 
with a living body in motion is detected. 

45 

B: The Construction of Embodiments 

Figure 1 is a block diagram illustrating the 
construction of one embodiment of this invention. 
In this figure, reference numerals 1 and 2 denote so 
photosensors of the photo-coupler type for 
wavelengths 660 nm and 940 nm. respectively. As 
shown in Figure 2(a). these sensors 1 and 2 are 
disposed in a proper cap. The cap is adapted to be 
attached to the end portion of a finger in such a 5; 
manner that sensors 1 and 2 are arranged in the 
longitudinal direction of the finger. Otherwise, the 
cap may also be adapted such that the sensors 1 



and 2 are arranged in the lateral direction of a 
finger when the cap is attached to the finger. 

The light beams emitted by the sensors 1 and 
2 are reflected from blood vessels or tissue, and 
detected by photo-sensing elements of the sensors 
1 and 2. As shown in Figure 1 , the detected signals 
are applied as signals Sa and Sb. respectively, to a 
fast Fourier transformation circuit 3. The fast 
Fourier transformation circuit 3 performs Fourier 
transformation on signals Sa and Sb. and provides 
frequency spectra associated with these signals. 
The frequency spectra provided by the fast Fourier 
transformation circuit 3 are applied to a comparator 
4. The comparator 4 stores the frequency spectra 
temporarily, and compares the magnitudes of ma- 
jor lines included in the spectra with one another. 
For example, the magnitudes of .S1 and M1 shown 
in Figure 10(a) are compared. Similarly, the mag- 
nitudes of S1 and M1 shown in Figure 10(b) are 
compared! the comparison results are. supplied to 
a decision circuit 5. Referring to comparison result 
patterns stored in advance, the decision circuit 5 
determines which frequency corresponds to pulses 
and which one corresponds to body motion. 

As described above, if the amplitudes a, b. c. 
and d of frequency components f 1 and f2 shown in 
Figure 9 satisfy the relationship (a/bj < (c/d) or (c/a) 
> (d/b), then it is decided that frequency fi cor- 
responds to arterial blood pulses; and that fre- 
quency f2 corresponds to arm strokes. According 
to the decision made by the decision circuit 5, a 
display unit 6 including a liquid crystal display 
element or the like converts the frequency fc. 
which has been considered to correspond to the 
pulse rate, into a frequency per minute, and dis- 
plays it on the display element. 

According to the comparison results provided 
by the comparator 4. the decision circuit 5 detects 
the change in motion intensity from the ratio of the 
amplitude at frequency S1 to the amplitude at 
frequency at M1 associated with the wavelength of 
660 nm or 940 nm, and outputs a signal represent- 
ing the detection result to the display unit 6. The 
display unit 6 displays the change of motion inten- 
sity in a numerical or graphic fashion. 

An active filter 10 extracts the frequency fc 
considered to correspond to blood pulses and its 
harmonics (for example, up to fifth- or sixth-order 
harmonics) from the output signal Sa or Sb output- 
ted by the sensor 1 or 2. Therefore, the output 
signal of the active filter 10 consists of a pure pulse 
wave signal containing no stroke components 
(body motion components).. 

A measuring circuit 11 performs various kinds 
of measurement on the basis, of the pulse wave 
signal provided by the active filter 10. For example, 
experiments have revealed that the ratio of the 
amplitude of the second-order harmonic to the am- 



15 



EP 0 645 117 A1 



16 



plitude of the third-order harmonic reflects the 
stress. It is also known that the mental and physical 
status can be measured from characteristic fea- 
tures of pulse waves. Thus, the measuring circuit 
1 1 analyzes the pulse waves according to predeter- 
mined analytic methods, and outputs a signal re- 
presenting the result to the display unit 6. The 
display unit 6 displays the measured result accord- 
ing to the output signal of the measuring circuit 11. 

C: The Operation of the Embodiment 

First, a person to be examined attaches, the 
cap shown in Figure 2 to one of his or her fingers, 
and then exercises {runs, for example). Signals Sa 
and Sb including a blood pulse wave and body 
motion components superposed on it are obtained. 
These signals Sa and Sb are subjected to Fourier 
transformation in the fast Fourier transformation 
circuit 3. then., amplitudes of major frequency 
components are compared to one another by the 
comparator- 4. According to the comparison result, 
the decision circuit 5 discriminates the pulse wave 
and the body motion. The display unit 6 displays a 
pulse . rate .corresponding to the fundamental fre- 
quency of - the pulse wave. The display unit 6 
stores the pulse rate, and continues displaying this 
stored value until the pulse rate has been updated. 
The display unit 6 also displays the change of 
motion intensity detected by the decision circuit 5. 
Thus, during the exercise, it is possible to observe 
the change in. motion intensity, of the person under 
examination. 

The active filter 10 extracts only pulse wave 
components and outputs them to the measuring 
circuit 1,1. which in turn performs measurement In 
this way, the pulse wave of the person in motion is 
detected, and his. (her) mental and physical status 
is detected from the pulse wave form. The de- 
tected results are displayed on the display unit 6 
so that the mental and physical status (stress, for 
example) can be observed during his (her) exercis- 
ing. 

In the above example, the comparator 4 makes 
comparison of amplitudes between the fundamental 
wave of a pulse wave and the fundamental wave of 
body motion. However, the invention is not limited 
only to such comparison. The comparator 4 may 
also compare for example the fundamental wave of 
a pulse wave to the second-order harmonic of body 
motion, or compare the second-order harmonic of 
the pulse wave to the fundamental wave of body 
motion. Basically, any waves which can be dis- 
criminated clearly can be designated to be used in 
comparison. In some cases, body motion of a 
person under examination does not have periodic- 
ity. In this case, since major frequency components 
obtained by the Fourier transformation all result 



from blood pulses, it is much easier to discriminate 
the pulse wave. In the comparator 4 of this embodi- 
ment, when the output signal of the fast Fourier 
transformation circuit 3 contains only one funda- 
s mental wave and its harmonics, it is concluded that 
only blood pulse wave are detected, and its fun- 
damental wave is regarded as blood pulses. 

D: Modifications 

The aforegoing description has been given by way . 
of example only and it will be appreciated by a 
person skilled in the art that modifications can be 
made without departing from the scope of the 
is present invention. 

The above-described embodiment can be 
modified as follows: 

(1) In the above embodiment, sensors are at- 
tached to the. end portion of a finger to detect 
20 pulse waves at the end of the finger. Alter- 
natively, the sensors may also be attached in.;, 
such a manner that pulse waves, at the root , 
portion of a finger can be detected. Further- 
more, the sensors may also be attached to 
25 detect blood pulses at a radius of a timb or at an 
ear. In addition to those described above, the 
sensors may be attached to an arbitrary portion 
. as long as an artery and vein passing through 
that portion can be illuminated with light. 
30 (2) In the above embodiment, sensors are at- 
tached with a cap (refer to Figure 2). However, 
the sensors may also be attached in a different 
manner. For example, a glove, band, tape, or 
the like may be used to attach the sensors to a 
35 portion to be detected. 

(3) In the above embodiment, the Fourier trans- 
formation is utilized to perform frequency analy- 
sis on a sensed signal. Alternatively, discrete 
Fourier transformation or maximum entropy 
40 scheme may be employed. Basically, any meth- 

od, which can extract frequency components 
included in a sensed signal and can compare 
amplitudes of these components to one another, 
can be employed. 
45 (4) In the above embodiment, light beams, hay- 
ing wavelengths of 660 nm and 940 nm are 
used for measurement. However, the wavelength 
is not limited only to those. Arbitrary 
wavelengths which lead to a difference in absor- 
50. bance between oxygen haemoglobin and re- 
duced haemoglobin may be employed. 
(5) Furthermore, a tight ray having a wavelength 
of 805 nm can be used as a reference light ray 
for measurement. At this wavelength, as shown 
55 in Figure 6, there is no difference in absorbance 

between oxygen haemoglobin and reduced 
haemoglobin.. Therefore, the received signal as- 
sociated with the light having this wavelength 
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can be used to give a reference value which is 
compared to the amplitude of a component hav- 
ing a frequency of 8 S included in a received 
signal associated with light having another 
wavelength. From the change of this ratio, the 5 
absolute value of the motion intensity can be 
detected. 

(6) According to the above embodiment, it is 
possible to detect the frequency of body motion. 
Therefore; arm strokes during walking or running to 
can be detected.. Because the arm strokes cor- 
respond to the pitch of walking or running, the 
detection of body motion frequency allows the 
detection of the sum of step number. That is, 

the embodiment of this invention can also be is 
used as a pedometer. 

(7) The measuring circuit 1 1 may be adapted to 
include a pulse wave memory to store pulse 
waves outputted by the active filter 10, and 
pulse waves stored in the pulse wave memory 20 
may be displayed" on the display unit 6. This 
arrangement allows visual recognition of the 
pulse wave form. This facilitates a grasp of the 
mental and physical status of a person under 
examination. 25 

(8) There may be provided a motion intensity 
memory for temporarily storing the motion inten- 
sity detected by the. decision circuit 5. and the 
motion intensity (or" the change in motion inten- 
sity) stored in the motion intensity memory may 30 
be displayed on the display unit 6. This arrange- 
ment allows visual recognition of the motion 
intensity (or the change in motion intensity). 
This facilitates a grasp of more detailed mental 

and physical status of a person under examina- 35 
tion. ' 

(9) There may be provided a switch for perform- 
ing on-off control of electric power thereby sup- 
plying the power to the entire circuit shown in 
Figure 1 or a specific part of the circuit only 40 
when measurement is carried out. 

Furthermore, the above embodiment can be 
modified such that measurement is carried out at 
predetermined times. That is to say, electric power 
is intermittently supplied to the entire circuit or a 45 
specific part of the circuit only at the predeter- 
mined times for the measurement. In this case, the 
measurement timing can be set using a timer im- 
plemented in a hardware circuit or can be pro- 
grammed in a microcomputer. 50 

Furthermore, in either case where the electric 
power is supplied in on-off switching fashion or 
intermittent fashion, the power may be supplied in 
the form of a pulse current, thereby achieving a 
great reduction in power consumption. 55 

According to the present invention, as de- 
scribed above, it is possible to perform accurate 
and reliable detection of the pulse ratio or the pulse 



wave of a living body which is even in continuous 
motion. Furthermore, it is also possible to detect 
the motion intensity during the motion of a living 
body. 

Claims 

1. " A blood pulse wave detecting apparatus 

characterised by comprising: 

light detecting means (1.2) for detecting 
the amount of light transmitted through or re- 
flected from a living organism illuminated with 
light having different wavelengths; and 

discrimination means (3. 4. 5. 10, 11) for 
making comparison of amplitudes of frequency 
components associated with each said 
wavelength wherein said frequency compo- 
nents are included in a detected signal pro- 
vided by said light detecting means, thereby 
discriminating a blood pulse wave of said living 
organisnrvfrom its body motion wave according 
td the relationships between the ratios of said 
amplitudes of frequency components. 

2. A motion intensity measuring apparatus 
characterised by comprising: 

light detecting means (1. 2) for detecting 
the amount of light transmitted through or re- 
flected from a living organism illurininated with 
light having different wavelengths; 

discrimination means (3. 6. 10. 11) for 
making comparison of amplitudes of frequency 
components associated with each said 
wavelength wherein said frequency compo- 
nents are included in a detected signal pro- 
vided by said tight detecting means, thereby 
discriminating a blood pulse wave of said living 
organism from its body motion wave according 
to the relationships between the ratios of said 
amplitudes of frequency components; and 

measuring means (4) for making compari- 
son of amplitudes of body motion associated 
with said different wavelengths wherein said 
amplitudes have been discriminated by said 
discrimination means .thereby measuring the 
motion intensity of said living organism accord- 
ing to the change in the ratio of said am- 
plitudes of body motion. 

3. A motion intensity measuring apparatus 
characterised by comprising: 

light detecting means (1.2) for detecting 
the amount of light transmitted through or re- 
flected from a living organism illuminated with 
light having different wavelengths; 

discrimination means (3. 5, 10, 11) for 
making comparison of amplitudes of frequency 
components associated " with each said 



19 



EP 0 645 117 A1 



20 



frequency analyzing (3) means for per- 
forming frequency analysis on a detected sig- 
nal provided by said light detecting means, for 
each of light having said different wavelengths; 
5 and 

blood pulse frequency identifying means 
(5) for identifying the blood pulse frequency of 
said living organism by determining which one 
of predefined modes the analysis result prb- 
10 vided by said frequency analyzing means be- 

longs to. 



wavelength wherein said frequency compo- 
nents are included in a detected signal pro- 
vided by said light detecting means, thereby 
discriminating a blood pulse wave of said living 
organism from its body motion wave according 
to the relationships between the ratios of said 
amplitudes of frequency components; and 

measuring means (14) for making compari- 
son of the. amplitude of the body motion to the 
amplitude pi the blood pulse wave wherein the 
amplitudes of the body motion and blood pulse 
wave have . been discriminated by said dis- 
crimination means, thereby measuring the mo- 
tion intensity of said living organism according 
to the change in the ratio between the am- rs 
plitudesJ 

A motion intensity measuring apparatus ac- 
cording to Claim 2 or 3, wherein light having 
such a wavelength at which the absorbance of 20 
oxygen, haemoglobin is equal to that of re- 
duced haemoglobin is used as one of said 
light having different wavelengths,, and wherein 
said measuring means employs the amplitude 
of a blood pulse wave included in a detected 25 
signal associated with this light as a reference 
value, and compares the amplitude of a blood 
pulse wave included in a detected signal asso- 
ciated with another light to said reference val- 
ue, thereby measuring said motion intensity of 30 
a living organism. 

A motion intensity measuring apparatus ac- 
cording to Claim 2, 3, or 4 wherein at least one 
of means including said light detecting means, 35 
said discrimination means and said measuring 
means is adapted to be supplied with electric 
power only when measurement is carried out. 

A motion intensity measuring apparatus ac- <o 
cording to Claim 2, 3, or 4 wherein at least one 
of means including said light detecting means, 
said discrimination means and said measuring * 
means is adapted to be supplied with electric 
power only when measurement is carried out 45 
at measurement timing which has been set in 
an intermittent fashion. 

A motion intensity measuring apparatus ac- 
cording to Claim 5 or 6 wherein said electric so 
power is supplied in a pulse current form. 

A blood pulse wave detecting apparatus 
characterised by comprising: 

light detecting means (1,2) for detecting 55 
the amount of light transmitted through or re- 
flected from a living organism illuminated with 
light having different wavelengths; 



9. A blood pulse wave detecting . apparatus 
characterised by comprising: 

light detecting means (1, 2) for detecting 
the amount of light transmitted through or re- 
flected from a living organism illuminated with 
light having different wavelengths; 

Fourier transformation means. (3) for per- 
forming Fourier transformation on a detected 
signal provided by said light detecting means 
for each of said light having. 'different 
wavelengths; and 

blood pulse frequency identifying means 
(5) for identifying the blood pulse frequency of 
said living organism by comparing spectra pro- 
vided by said Fourier transformation means for 
said respective different wavelengths thereby 
determining which one. of predefined modes 
the comparison result belongs to. 

10. A blood pulse wave detecting apparatus 
characterised by comprising: 

light detecting means (1. 2). for detecting 
the amount of light trarisrnitted through or re- 
flected from a living organism illuminated with 
light having different wavelengths; 

Fourier transformation means (3) for per- 
forming Fourier transformation on a detected 
signal provided by said light detecting, means 
for each of said light having different 
wavelengths; 

blood pulse frequency identifying means 
(5) for identifying the blood pulse frequency of 
said Hying organism by comparing spectra pro- 
vided by said Fourier transformation means for 
respective said different wavelengths thereby 
determining which one of . predefined modes 
the comparison result belongs to; and 

filtering means (10) for passing only the 
frequency component identified by said blood 
pulse frequency identifying means and its har- 
monics included in the detected signal pro- 
vided by said light. detecting. means. 

11. A blood pulse wave detecting apparatus ac- 
cording to any one of Claims 8 through 10, 
further including: 
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storage means for storing the identification 
result provided by said blood pulse frequency 
identifying means; and 

display means for displaying the content 
stored in said storage means. 

12. A blood, pulse wave detecting apparatus ac-.- 
cording to Claim 10, further including: 

waveform storing means for storing an out- 
put waveform provided by said filtering means; 
and 

display means for displaying . the content 
stored in said waveform storing means. 

13. A motion intensity measuring apparatus ac- 
cording to any- one of Claims 2 through 7, 
further including: 

motion intensity storing means for storing 
a measurement result provided by said mea- 
suring means; and 

display means for displaying the measure- 
ment result stored in said motion intensity stor- 
ing means. . 

14. A motion intensity measuring apparatus ac- 
cording to any one of Claims 2 through 4, 
wherein said light detecting means includes a 
plurality of light emitting means for emitting 
light rays having different wavelengths, and 
further includes a plurality of light receiving 

• means for receiving reflected light associated 
with the light rays emitted by respective said 
plurality, of light emitting means, said plurality 
of' light emitting means and. said plurality of 
light receiving means being arranged in the 
lateral direction of a finger. 

15. A blood , pulse wave detecting apparatus ac- 
cording to Claim 1. 8. 9, or 10, wherein said 
light detecting means includes a plurality of 
light emitting means for emitting light rays 
having different wavelengths, and further in- 
cludes a plurality of light receiving means for 
receiving reflected light associated with the 
light' rays' emitted by respective said plurality 
of tight emitting means, said plurality of light 
emitting means and said plurality of light re- 
ceiving means being arranged in the lateral 
direction of a finger. 

16. A blood pulse wave detecting apparatus ac- 
cording to Claim 1. 8. 9 or 10 wherein at least 
one of means including said light detecting 
means and said discrimination means is adapt- 
ed to be supplied with electric power only 
when measurement is carried out. 
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17. A blood pulse wave detecting apparatus ac- 
cording to Claim 1, 8, 9 or 10 wherein at least 
one of means including said light detecting 
means and said discrimination means is adapt- 
ed to be supplied with electric power only 
when measurement is carried out at measure- 
ment timing which has been set in an intermit- 
tent fashion." 

18. A blood pulse wave detecting apparatus ac- 
cording to Claim 16 or 17 wherein said electric 
power is supplied in a pulse current form. 
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A blood pulse wave detecting apparatus ac- 
cording to Claim 1. 8, 9 or 10. wherein said 
light detecting means includes a plurality of 
light emitting means for emitting light rays 
having different wavelengths, and further in- 
cludes a plurality of light receiving means for 
receiving reftected light associated with the 
light rays emitted by respective said plurality 
of light emitting means, said plurality of light 
emitting means arid said plurality of light re- 
ceiving means being arranged in the lateral 
direction of a finger. 
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